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Abstract 
Healthcare supply chain has been a subject of interest for many years. The pressure of changes in environment lead to changes in 
guiding principles which produce solid problems viewed as problems with no feasible solutions. Healthcare supply chain 
demands effort on part of researchers to not view the problems as static. The different factors need to be viewed as dynamic. We 
attempt to highlight the benefits of adopting a factor interaction approach to hospital protocol. The interpretative system 
modelling (ISM) approach is utilized for interaction of variables affecting healthcare supply chain. This can provide healthcare 
sector professionals with programme guidelines where they can investigate their dynamic effects. Case study analysis and 
interviews have been used for generating data for ISM to understand the frame of reference in which Healthcare supply chain 
operate. ISM methodology has been successfully used to observe the boundaries between the different stratums of various 
systems and visualise the different echelons of the interacting variables of Healthcare supply chain operations. This helps to 
embrace and integrate human thinking. This is an advantage over hard quantitative approaches where expert knowledge is pushed 
to give a number to their opinion usually in form of weights to variables such as structured equation modelling or goal 
programming using historical data. The research paper aims to build a new frame of reference for studying and measuring the 
performance of Healthcare supply chain operations. 
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1. Introduction 
 
Healthcare supply chain management (herein referred to as HSCM, HC refers to Healthcare, SC refers to 
supply chain) is a set of approaches to link medicines, equipment, laundry, food, suppliers, vendors, hospital and 
transport for efficient and effective use of resources to achieve Total Quality Management (Reza et al.,2012). 
Mayring, (2003) introduced a widely accepted literature review technique for healthcare operations management. It 
is as follows: 
x Material collection whereby the material to be collected and unit of judgment is marked and rendered. 
x Descriptive analysis whereby formal features of the material are appraised such as the number of 
publishing's per year, and other background for consequent investigation. 
x Category selection whereby structural facets and related inquiry categories are selected via a filtering or 
review of the collected material. These structural facets comprise the important topics of analysis which 
lead to single inquiry categories. 
x Material evaluation whereby the collected literature is investigated according to the structural facets. This 
underpins the diagnosis and interpretation of relevant issues and results. 
 
2. Significance of the study 
 
There are two broad divisions of the healthcare industry today: 
a. Healthcare products manufacturing 
b. Healthcare services 
In healthcare services there are further the services such as consultation, exercise centres, medical software, 
and medical insurance among others. Similarly in healthcare manufacturing there exist health equipment 
manufacturers, drug manufacturers. Healthcare and hospitals have always remained in the focus of government and 
private institutions. There is renewed focus on healthcare today because as trade and commerce have evolved so has 
the threat of new attacks biological and manmade. A study in point is that of Ebola hazard from African nations, 
swine flu, avian flu and the like. Below we give Table 1 for population and economy facts for India 
 
Table 1: Some population and economy facts 
Estimates of Indian population for 2011 1.21 billion 
Estimated decadal growth population for 2011 17.64 percent 
Projected growth of Indian population by 2050 1.6 billion 
Estimated population under 60 years of age by 2025 189 million 
Estimated annual growth rate of Indian economy 5 percent 
 
(Census India 2014, OIE World Health Organisation 2012, Takiar et al., 2010) 
 
3. Objectives  
 
The objectives were made after discussion and debate with academicians and hospital staff. 
It was decided that the identification of variables important to the delivery of important HSC drivers and 
benchmarks is important. 
 
x Identification of variables, which are relevant to the issues relating to Healthcare supply chain for a hospital 
for a hospital's perspective. 
x Identification of variables, which are relevant to the issues relating to Healthcare supply chain for a hospital 
from a doctor's perspective. 
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x Analysis of the relationship between the variables of a Healthcare supply chain and determining the 
significant managerial implications and conclusions. 
x Suggestion of changes and remedial measures to the identified issues and problems. 
 
4. Literature review 
 
The first Table 2 has listed the requirements for a typical HSCM is an important needful for internal 
steadiness, economies of scale, efficiency and effectiveness. This translates into our understanding of the SC being 
important in terms of aiding the healthcare firm to compete with other firms and also for the delivery of the SC 
benefits as a whole. 
 
The second table helps us understand the evolution of ISM as a decision aiding tool and as a dynamic analysis tool 
from both an internal to the firm and SC perspective (Morgan, 2004).Table 3 highlight’s the fact that the evolution 
of ISM has taken place over the years. Today ISM behaves in a functional way and this is bound to happen as it is a 
simple tool offering broader visibility of information that is available to the researcher from the expert. Below we 
give Table 2 for the literature review on HSCM. 
 
Table 2: Literature review on HSCM. 
Related issue Reference Remarks 
Healthcare operations time management Bretthauer et al., 1998 Discussed and debated on the models 
followed for resource planning in 
healthcare.  
Allocation bed space in hospital. Kim et al., 2000 Research in an intensive care unit. 
Discussed and debated on bed reservation 
systems. 
Hospital operating theatre Guinet et al., 2003 Conversion of patient planning problem into 
an assignment problem. The use of 
optimization and mathematical modelling to 
solve it. 
Hospital operating theatre Marcon et al., 2003 Investigation into various scenarios using 
simulation. 
Optimal use of hospital infrastructure Bretthauer et al.,2011 Mathematical investigation into hospital 
capacity problem. 
Structured literature review on healthcare 
operations management. 
Mayring, 2003 Joint investigation into healthcare 
operations management and supply chain 
management. 
HSCM case study De block et al.,2012 Service operations design in HSCM. 
Strategic quality issues in services Gowen et al.,2006 Relationship of employee commitment and 
employee control with HSC quality. 
Patient classification design for a HC 
appointment system 
Cayirli et al.,2008 Planning, scheduling and control of HC 
service operations. 
Planning, scheduling and control of HC 
service operations 
Laganga et al.,2007 Capacity design/long-term capacity and 
demand decisions in HSCM. 
 
 
Table 3: General review of ISM 
Sl.N Reference Use of Interpretive Structural Modelling 
1 Sage AP, 1977 The use of interpretive structural modelling for large scale systems. 
2 Warfield JW, 1974 The use of ISM for structural modelling. 
3 Bolanos et al.,2005 The use of ISM to manage conflict and improve knowledge sharing in group decision making. 
4 Thakkar et al.,2008 The use of ISM to model enablers for use of information technology in small and medium 
enterprises. 
5 Faisal et al.,2006 The use of ISM for modelling the enablers of supply chain risk mitigation. 
 
A review of literature suggests that to make an interaction model of the various factors that affect the Healthcare 
supply chain we have to collect information and opinion of the related experts of the field.  
After we collect the comparison of the various interacting variables we will apply the ISM methodology to check 
relationship between the variables (Mandal et al 1994, Thakkar et al 2005). 
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This is an important step of checking the interaction between the variables as this will help to separate the variables 
into different strata of importance. 
The following are the ISM steps 
1. Listing of variables  
2. Selection of variables 
3. Determining the relationships 
4. Removing transitivity 
5. Preparing ISM chart 
 
5. Significance of variables and related exposition 
 
5.1 Inadequate profits for Healthcare Firms 
 
Healthcare needs to fulfil discordant goals. This is especially true for a large developing nation such as ours which is 
trying to reach out to other nation's as well as is competing with its neighbours for a piece of the global market. The 
importance of a budget and of healthcare objectives has been stressed by (Specht, 1993). The profit margin for 
healthcare firms is an important variable in aid to HSCM as we can have observed that it is on the fourth level out of 
eight total levels for the ISM made for HSCM. 
 
5.2 Failure of benefit delivery to the patient 
 
Healthcare of earlier generation’s consisted of running around from one place to another in search of the speciality 
service that the patient needed and was referred to. This was a common -practice because western medicine 
practitioners were few and spread far apart (Waleed et al., 2001). However as time has passed and HSCM has 
evolved the  failure of benefit delivery that was the outcome of this non-integrated and truncated HC has been 
reduced substantially because of the mushrooming of multi-speciality hospitals and the boom  in HC and associated 
research and development. 
 
5.3Absence of flexible decision making systems 
 
Hospitals rules and regulations provide certain mandates to be followed for patients and doctors alike. These include 
setting up of some minimum health and safety standards for the various facilities both of the essential and non-
essential kind such as dispensary, ICU’s, toilets and the rest. (Kim et al., 2000), investigated into a flexible bed 
allocation system that was found to be better performing in terms of cost, flexibility and utilization. It meant the 
conversion of normal hospital rooms to ICU’s. Similarly a flexible patient planning problem was discussed and 
debated by (Guinet and Chaabane, 2003). 
 
 
5.4 Breakdown of inventory management of drugs and chemicals 
 
The planning and monitoring of the delivery of tangibles and intangibles is an important part of the overall HSCM. 
The implementation of a management information system is also an important practice for monitoring of the 
inventory at dispensaries and other essentials in hospitals (Ramani, 2004). The implementation of a management 
information system find further support from (Ilie et al., 2009) in  their comparison of paper and electronic system 
and the effect on HSCM. 
 
 
5.5 Lack of collaboration among decentralized actors of supply chain 
 
Personalization and customization earlier held low importance as service deliverables in the HSCM earlier. The 
situation has changed with the advent of super-speciality clinics and multi-speciality hospitals.  As along with that 
the vast geographical spread of our country and different number of climates simultaneously at different places at 
one point of time there is a high need of collaboration among the HSCM participants (De block et al., 2012). It is 
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only through collaboration and information sharing between each other that they would be able to achieve the 
required degree of synchronized activity.  
 
5.6 Underutilization of information technology 
 
As we have also discussed earlier and elsewhere in this paper that the importance of IT and e-commerce can-not be 
underestimated as the backbone of HSCM today. The case of successful adoption of e-services has been discussed 
and debated by (Zheng et al., 2006). 
 
5.7 Poor positioning of new technology in services 
 
In continuation of the above point the successful implementation and deployment of IT is not complete without 
proper strategic positioning of the IT. This is so that it is available to all HSCM participants (Zheng et al., 2006). A 
joint application of RFID technology has been found conducive to the delivery of expectations by HSCM members 
(Amini et al., 2007). 
 
5.8 Insufficient capacity planning 
 
The capacity dimension of HSCM encompasses many factors such as number of beds, number of units of a device, 
number of units involved in production of a specific drug, number of doctors for a certain speciality and their 
availability and many more. The successful capacity planning is considered an important contributor to the delivery 
of service deliverables in an HSCM (Samuel et al., 2010). 
 
5.9 Lack of collaborative and strategic planning 
 
Proper planning is the start and end of any successful activity. This is especially true in the present context where it 
has been said that firms do not directly compete with each other but supply chains do (Charan et al., 2008). The lack 
of collaborative and strategic planning has been successfully linked to the failure and success of a supply chain 
performance by (Ramesh et al., 2010). 
 
5.10 Lack of top management commitment 
 
Human factors such as employee commitment have been successfully linked to healthcare quality management and 
hence to the HSCM. Important empirical studies of US hospitals have been linked and revealed that employee 
commitment and management commitment are important for success of quality initiatives. This means that they are 
also important for HSCM deliverables as quality initiatives come in the domain of HSCM operations (Gowen et al., 
2006). 
 
5.11 Lack of human resources 
 
De block et al.,(2012) state that as population and demands increase, so do the opportunities for more and more 
personalization and customization present themselves. This means that all patients in all areas cannot be treated the 
same and this leads to the demand for more and more trained healthcare professionals along with an adequate supply 
of skilled and unskilled workforce for the good performance of HSCM. The lack of human resources has been 
successfully linked to the performance of supply chain by (Perron, 2005) in relation to our domain. 
 
 
5.12 Perception of “out-of-responsibility” zone 
 
The departmentalization and compartmentalization mind-set of organisations has been linked to poor overall 
performance of corporations and programmes, government and private alike. This means that the same trend will 
appear if these appear in HSCM. Shen and Tam, (2002) have discussed and debated the link between success of 
environment management initiatives in the construction industry. This work can be further expanded to include the 
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performance as in other areas on this paper, the good performance of a program irrespective of the theme and can 
hence be linked to our domain of discussion for HSCM. 
 
 
The variables selected for studying interaction of factors affecting Healthcare supply chain operations are as follows 
 
Table 4: Selected variables for ISM 
Sl.N Issue Reference 
1 Inadequate profits for healthcare firms Rohini et al.,2010 
2 Failure of benefit delivery to the patient Waleed et al.,2001 
3 Absence of flexible decision making systems David et al.,2014 
4 Breakdown of inventory management of drugs and chemicals K.V Ramani, 2004 
5 Lack of collaboration among decentralized actors of supply chain De block et al.,2012 
6 Underutilization of information technology  Zheng et al.,2006 
7 Poor positioning of new technology in services Zheng et al.,2006 
8 Insufficient capacity planning Samuel et al.,2010 
9 Lack of collaborative and strategic planning. Ramesh et al.,2010 
10 Lack of top management commitment. Ramesh et al.,2010 
11 Lack of human resources Perron, 2005 
12 Perception of “out-of-responsibility” zone Shen andTam,2002 
 
6. Collection of data 
 
Primary sessions were held with the management of hospitals. In this meeting, four experts, three from 
academia and remaining two from the hospital. Each expert had more than nine years of experience in the domain of 
hospital operations. Idea's and reference material related to our problem was circulated among the experts. Primary 
data for the research was collected based on the responses received from the hospital personnel. A questionnaire was 
prepared based on the elements which appeared to be related to the barriers of health care supply chain in India after 
review of the papers studied. After that a list of the elements was given to various experts from hospital field. They 
were asked to individually select out of the 12 given elements which were thought to be related to the topic. The 
response was procured after a brief explanation was made to them telephonically in August 2014. In this brief they 
were explained the topic its aims and how to fill the questionnaire pertaining to selection of variables and how to 
determine the relationship between the variables selected for the study. The years of service served by the one of the 
respondent are 16 years and the designation is of Chief medical officer. Within a period of 2 days, the most pressing 
variables were identified. Systematically the experts were asked about the mutual relationship among variables (how 
a particular variable helps to achieve the other variables?) via a second questionnaire. The variables were selected on 
the basis of the tabulation done from the response. 
Secondary data was collected from various research papers and articles pertaining to the factors that would 
be chosen to be studied for implementing the methodology. 
 
7. Interpretative structural modelling (ISM) 
 
7.1 Methodology 
 
ISM is used for collecting and identifying relationships among specific elements, which define a problem 
or an issue (Warfield, 1974; Sage, 1977). It provides us a means by which correct order can be developed on the 
relationship of such elements (Mandal and Deshmukh, (1994); Jharkharia and Shankar, (2005)). This section deals 
with discussion of ISM methodology. 
The various steps involved in the ISM technique are as follows:  
1. Elements affecting the system under consideration are listed, which can be objectives, actions, and 
individuals, etc. 
2. From the elements identified in Step 1, a contextual relationship is established among variables with 
respect to which pairs of variables would be examined. 
3. A structural self-interaction matrix (SSIM) is developed for elements, which indicates pairwise 
relationships among elements of the system under consideration. 
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4. Reachability matrix is developed from the SSIM and the matrix is checked for transitivity. The transitivity 
of the contextual relation is a basic assumption made in ISM. It states that if a variable A is related to B and 
B is related to C, then A is necessarily related to C. 
5. The reachability matrix obtained in Step 4 is partitioned into different levels.  
6. Based on the relationships given above in the reachability matrix, a directed graph is drawn and the 
transitive links are removed. 
7. The resultant digraph is converted into an ISM, by replacing variable nodes with statements. 
8. The ISM model developed in Step 7 is reviewed to check for conceptual inconsistency and necessary 
modifications are made. 
 
 
Figure 1: Steps of ISM modelling process 
 
7.2 Reachability Matrix 
 
The SSIM is then converted into a binary matrix, called the “Reachability Matrix” by substituting X, A, V and O by 
1 and 0 according to the accepted methodology. Then its transitivity is checked. If element i leads to element j and 
element j leads to element k, then element i should lead to element k. By incorporating transitivity, the modified 
reachability matrix is obtained. 
 
8. Analysis 
 
After the exercise of distributing the questionnaires and the task of recording the responses was done 12 
factors selected came out to be strongly related to the topic. After these variables were found out the relations 
between them were determined. These relations were filled out according to the following assumptions that: the 
relation of one variable to other would be analysed considering first the point of view of the hospital and then that of 
the doctor. 
 
For the purpose of enquiry it was also important to analyse if one variable be increased or decreased in a hospital 
and how that would affect the other variables while in relation to a healthcare supply chain. For the purpose of 
illustration if we consider the “Inadequate profits for healthcare firms” and the “Failure of benefit delivery to the 
patient” then there is a relation between the two wherein the latter affects the former hence the relationship letter 
filled would be A because if the failure of benefit delivery to the patient is something that the hospital will need 
avoid if it is not able to achieve the profit target's then it will become cumbersome for it to go on earning profit. 
Conversely in the case of doctor's it is considered a social and moral code of conduct for them to deliver benefit to 
the patient even in the case of inadequate profits. This would in turn decrease the profits of the hospital and hence 
the “Inadequate profits for healthcare firms” is affected. 
 
There were 12 elements which the participant selected when told to select the relevant variables for determining 
relationship to the health care supply chain for a hospital. This also produces certain interesting results for example 
we can see that factors like the Absence of flexible decision making systems, Underutilization of information 
technology, Lack of top management commitment which would traditionally in the common sense be considered to 
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be affect only the managerial performance of the hospital have been selected, and in turn the relation of these 
variables to the topic has been revealed and given due significance. 
 
 
 
Table 5: Structural Self Interaction Matrix 
 
 
 
 
 
 
 
 
 
 
 
 
8.1 The Reachability Matrix and the Levels of criterion 
 
The below table then shows us how to substitute the entries of the (SSIM) and get the Reachability Matrix. 
The above matrix was filled with entries keeping in mind the following code 
(1) V – variable i leads to variable j; 
(2) A – variable j leads to variable i; 
(3) X – variable i and j leads to each other; and 
(4) O – variable i and j are not related. 
Table 6: Structural self-interaction matrix and its Reachability matrix entry 
 
  REACHABILITY MATRIX ENTRY 
  (I,J) ENTRY (J,I) ENTRY 
V 1 0 
A 0 1 
X 1 1 
O 0 0 
Table 7: Final Reachability Matrix 
  1 2 3 4 5 6 7 8 9 10 11 12 
1 Inadequate profits for healthcare firms 1 A A X A A V X A A V A 
2 Failure of benefit delivery to the patient  1 A A A A X A A A A A 
3 Absence of flexible decision making systems   1 V A X V A X X V A 
4 Breakdown of inventory management of drugs and chemicals    1 V A X V A A A X 
5 Lack of collaboration among decentralized actors of supply chain     1 A A X V O A V 
6 Underutilization of information technology       1 A V X V A A 
7 Poor positioning of new technology in services       1 V V V V A 
8 Insufficient capacity planning        1 V X V O 
9 Lack of collaborative and strategic planning.         1 V A A 
10 Lack of top management commitment.          1 O V 
11 Lack of human resources           1 A 
12 Perception of “out-of-responsibility” zone            1 
  Final Reachability matrix       
  1 2 3 4 5 6 7 8 9 10 11 12 Driver Power 
1 1 0 0 1 0 0 1 1 0 0 1 0 5 
2 1 1 0 0 0 0 1 0 0 0 0 0 3 
3 1 1 1 1 0 1 1 0 1 1 1 0 9 
4 0 1 0 1 1 0 1 1 0 0 0 1 6 
5 1 1 1 0 1 0 0 1 1 0 0 1 7 
6 1 1 0 1 1 1 0 1 1 1 0 0 8 
7 0 0 0 0 1 1 1 1 1 1 1 0 7 
8 0 1 1 0 0 0 0 1 1 1 1 0 6 
9 1 1 0 1 0 0 0 0 1 1 0 0 5 
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Figure 2: Driver power and dependence diagram 
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Figure 3: ISM based model for the barrier interaction in HSCM 
 
8.3 Conclusion 
 
The aim of any ISM model in the end is to find out the relationship between the variables affecting the issue that has 
been taken up for study and the various inter-relationships between them. Hence below are the findings of the study 
1. Ranks of the criteria based on their driver powers indicate that “Failure of benefit delivery to the patient” is 
the key criterion. Next are the lack of collaborative and strategic planning, insufficient capacity planning, 
inadequate profits for healthcare firms and lack of collaboration among decentralized actors of supply 
chain. 
2. From the map, it is seen that there are eight levels of factor interaction. Also we can see that there are no 
variables in the autonomous classification cluster of the MICMAC analysis. There are two variables in the 
dependent classification cluster. This means that there are no variables which are disconnected from the 
system. As a result of this we can say that the model is strong. There are two variables in the Dependent 
classification cluster which means that they have strong dependencies and weak driving power. Once again 
we can extrapolate that as there are only two weak driver variables out of a model of twelve variables the 
model is strong. 
3. Driver power-dependence matrix reveals that out of the seven variables which are in the Linkage 
classification cluster of MICMAC are also clustered near to each other in the ISM model. We can see that 
Inadequate profits for healthcare firms, Breakdown of inventory management of drugs and chemicals, Lack 
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of collaboration among decentralized actors of supply chain, Insufficient capacity planning, Lack of top 
management commitment are near to each other. Inadequate profits for healthcare firms, Breakdown of 
inventory management of drugs and chemicals and Lack of collaboration among decentralized actors of 
supply chain are on the same level and insufficient capacity planning and Lack of top management 
commitment. Are respectively above and below the level of Inadequate profits for healthcare firms 
Breakdown of inventory management of drugs and chemicals, Lack of collaboration among decentralized 
actors of supply chain which are on the 4th level of ISM. This means that there are matching relationships 
in the ISM and the MICMAC which is another evidence of the strength of the model. 
4. In continuation of what we have earlier said we can also say that Poor positioning of new technology in 
services and Lack of human resources are also closely related. They both being on the final two levels of 7 
and 8 respectively. Also they both are touching each other which is another evidence of the strength of the 
model. 
5. There are visibly less branches coming out of the ISM which is another indication to its quality. 
 
The above points hence let us get a better view of the Healthcare supply chain. These can be used by economists 
and other statisticians to better understand and revise their models to account for the degree of significance that has 
been found out to be related to the factors of the model. Apart from that this also changes our view as to what 
previously thought to be unimportant variables for Healthcare supply chain operations are important such as 
absence of flexible decision making systems and how the resources used to finance a hospital can and should be 
used more constructively.  
 
9. Discussion and conclusion 
 
ISM-based model developed in this research is for the implementation of Supply Chain Performance 
Management in healthcare companies. Similar to the performance measurement used, the Performance Management 
for may be unique, reflecting its essential purpose and its operating environment. Notwithstanding the fact that there 
are other applications of the ISM model that we have developed a performance management system helps in 
developing a more hands on approach for the management (Charan et al., 2008). 
It is also observed from the ISM model that seven variables, namely, those that are in the classification cluster of 
Linkage variables have strong driver power and therefore, these are less dependent on the other variables. Thus, it 
can be understood that these are strong drivers and may be identified as the beginning of remaining variables. To 
manage these variables, an exhaustive plan for effecting of a performance management system should to be 
established to achieve success. 
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